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The present inveniion relates to a method, for Ike preparation of a fatty acid cjstcr 
ftrtmponen^ and a process, for the producUou of a sterol fktiy acid cstcr-rioh 
composilion, accoTdinjc lu wljat is defined in the preamble of apponding independeat 
claims. The present iuvcjuUou also relates to the use of said fatty acid ester 
componeul mid said sterol fatty acid cstcr-rioh compoaition and to productB 
cy/iipiisiiig said sterol fetiy acid o3tcr-rich compooition. 

The present invention particularly relaxes to a process for ihe prod-action of a sterol 
fairy arid ftsttsr-rich composition by a catalytic esteriflcaUoaof a mixmre comprisins 
at Jeast a sterol composition and a fsny add glycaidc coiuposiUon. The pieseui 
itivention also relates to a meihod for prepardrlion of a rally auid csicr cumponeut 
suiubJe for use in said pruce^s. 

BACKGROUND 



A high serum cholesterol value is bcUcvwl lo be oue of tlie most siRniflcaiit sinjdc 
indicator of the risk of coronary disease. Seium cholesterol levels can be lowered by 
dicUu.y means, by paying attcntitai to the quantity and type of the oil or fat ingostod 
and 10 tlie amount of diolcsterol mtakc. It is known that ingested plant sterol loweta 
the level of serum cholesterol in human and ammolo- Studies have shown that orally 
20 administered plant sterols, such oa sitosterol and ite hydrogenated congener 

flitostnnol, reduce serum total sad low density Hpoprotein (I.DL) cholesterol levels 
by partly inHbiring the absorption of both dietaiy and biUaty cholesterol from tbp 
intestines. Sitostanol is believed to be one of the most effective inhibitors of 
cholesterol absorption. Ite use of plant stwols in foods, particulariy in so-called 
limctional tboris. fls well as. in phannacemical and cosmetic products has therefore 
gained much intetesL 

Ahhoug^i both Iree crystaUine plant sterols and tbeir fetty acid esters c«n be nHlised 
in these applications, the fatty acid esters are preferred for sfivftral rsasons. Sterols 
have to be in a bioavailable form in ordar to he capable of inhibiting the absorption 
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of chulcslcwl. Various pteparations of free plant sterols dissolves at different rates 
ill Ac fat phase of lho food digesta and will fliercfore affect cholesterol absmpHon 
'with different cacaoes. 

XJifferent food prnducis can easily be enriched wilL a desired level of plant sterol in 
5 their fatty acid ester form without negative eflccUi vu Uie sejisoiy properties of the 
products. Furtheimore. Ihc fal-likc physical properties of sterol fetty acid cstora 
makes it techmcally feasible lu use Qiem in the production of sterol enriched food 
producti, iues pectivc of the food matrices iwed. By enriching the food product with 
Ucbdrcd levels of plant sterol the cholesterol lowering effect of the food produ£st can 
10 easily be optimiaed. 

Various niftthods for esterifying sterols, as weU as. stanols, tbe hj-drogenated form 
thereof, have been proposed. Many of these uillise chemical reagents that cannol be 
accepted hi the production of sterol lat^ acid esters to be used m food applicalionii. 
Such reagents may for mslmiuc include fuud gtade iuconipatiblc moieties, such as 
Ji acid cblorides, anhydrides or ofMaiiicsolveiits. 

US 3 75 1 569 suggests adding plant sterol latty acid esters in cooking oU with the 
objective of low-ering the sei-un. cholesterol levels in man. lUe sterol fatty acid estex 
is prepared by estenfir^ttnT, of free ..rterols with fatly acid anhydride, with perchloric 
acid actmg as wtaiy,t. The catalyst and anhydride reagent cannot be accepted in a 
y.O fond grade process. 

CD 1 405 346 suggests conversion of free sterols in v^etoble oU hito their 
corresponding fot^y acid eaters, in order to produce a clear oil. Thereby a fatty acid 
eater of amonobydric aUphatic alcohol CM is mbced to the oQ. The fatty acid ester 
has been prepared in a separate process. The mixture office sterols and fetxy acid 
eaterisesterifiedintheoaateJevatedtemperaturemthe presence of eg an alkai, 
metal alcoholate cat«b^. Mrtnnhydnc alcohol, such a.s methanoL is liberated and 
has to ha continuniwly removed hi order to accelerate the esterification icacdon. 
This method uses an excess of atty acid csicr. and Hie meOiod pxoduces an 
inLercslcrified uU coutainlug sterol csteis. 
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US 5 502 045 suggests the use of e.g. sitostanol iisitty acdd esters to lOM^er Rhnlesterol 
Icvob in aermn. The esters can be used as such or ihey etim he a/lded to foods. The 
stand fiitty acid ester Is piepared by an esteriflcation terJimque of a mixture 
containing a free crystalline stanol component and a ftuy acid ester, such as feiny 
s acid melhyl ester, or a fatt>' unci ester mixture component. A catalyst, such as Na- 
ethyl«tfi, iR needed foi the esierificatlon reaction. Tb.e catalyst may be dcsUiiyed after 
thfi RRtcrificatian by adding water to the mixture. 

WO 02/055639 suggoata a process for preparation of a fet composition containing 
sterol esters, prepared in a one pot direct esterifioation of sterol with triglyceride. 

10 Therebyatahightemperaturea^erolrawmaterialisnTixedwithanddissolvediaa 
ttglyccride. An alkaline catalyst is added and esterifieation is allowed to take place. 
The catalyst is neutraUsed by the srirlifinn nf acid and the fat cnmpnsition obtained i.s 
punfied. The &t nomrnsirinn prepared does obviously besides sterol fetly acid esier 
include rather high amounts of oiher components, such as &ce sterol, unreacted 

1 ^ TTiElycerides. diglycerides and monoglycerides. 

WO 02/06091 6 suggests a method for the production of a sterol eater rich 
composition by cstorificotion of sterols with fatty ocyl glyceride from vegetable oil 
inihe presence ofan alkali catalyst FoJlowmg the esteriflcation the reaction mbctuxe 
is distiUed to remove glycerol to enhance the Ibrmaiion of sterol esters. An acid is 
added to the reaction mixbiw to rfinriftr the alkah catalyst inactive. ThRreafter a 
stemi e.<rt«r.rich tractinn is isolaied fiom the reaction mixture using organic solvents 
in fiombinaiion with aqueous washes. In the reaction a significant stoichiometric 
excess of fetiy acid acyl groups is needed in most cases. A complete. 100 %, product 
Ibimadon Is not aimed at The stool esl«r-ri«h compoMiion produced include, 
beside. «ie.ol esters, considerable amounts of mono-, di- and triglycerides, as 
as, free sterol. 

The known methods ibr prodxinjng stRtol tatty f,c^ti est^s sc^m to lack in efficiency 
of the conversion proce^.;es. For optimal re.su]ts more than sioichiometiic amounts 
of feny acid triglycerides or expensive pre-prepared faxiy acid esters axe used in the 
estftrification process, fo. most processes a fmal product i, achieved which cw.lains 
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besides sterol fatty acid esters rather high amounts of unreacted components, siir.h tvi 
mono-, di- and/or triglycerides, ass well as, unreacted bee steroJs. I hese have to be 
removed ia soporata processes in order to get a pure stftml fatty aoid ester. In some 
prior art processes reagents or catalysts are utilised that caonoi be accepied in food 
preparing processes. 

Due to the huyc uuiu/ueicial interest in plat sterol fttty acid eatets there axe obvious 
needs for coat cUcctive cstcrification processes that can bo uaed to efficiently 
produce pure sterol fetty aoid ester from vegetable oils or fats. Glycerol and catalyst 
should be easy to scparaio W the product Also it should preferably be possible to 
cany out the process with existing equipment used for esterification of cdiMe oils 
and fats. 

SUMMARY OF THE INVENTION 

The invention relates to a process for the pioduotion of a sterol fetty acid ester-rich 
compoaitdon. A sterol composition, a fetfy acid glyceride composilioa and an 
eeterificatiou catalyst is combiued to fonn a reaction mixture, listerilication of 
sterol(s) take^ place in tbi-. miyturft, providing sterol fetly acid e!rter(s). glycerol and 
glycerides. A hydrolysing a^d alkylating cnTnpo.sitifm is added to the mixture to 
hyrirnlysc. glycerides present therein to produce conesponding fetty acid alJsyl 
asteT-Csj and glycerol. Qlycerol is separated from the process. The sterol fitty acid 
ester containing mixture is ptirifled by separating fatty acid alkyl ester Ihcrcikum, 
tltereby providing a sterol fatty acid esto-rieh compubiUou. The fatly acid alkyl csUa 
may be rccyeled iuto the cstcufication step in the begimdng of the process. 

It is an object of the present invention to provide an improved process, tor the 
production of a sterol fiatty acid estex-ricfa compo-sihon, m which methLl and 
process the above mentioned disadvaniaees have been Tninimi.<5Bd. 

It is thei-eby an object of the present invention to provide on efficient proceaa for the 
production of a sterol fatty acid ester rich composition, in vstioh the content of free 
sterols, as wcU as, mono-, di- and triglycerides is minimised. 
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It ia fiirfher an object of the present jnvfmtion to provide an efBcient process for xhs 
pTodudion of a stsml fatty acid estra-iich composition -with a miniinal, in prdciicc 
stoxchiometric or almojit srtnichiameulc, glyceride feed. 

II is ruiilifiimore an object of the present invention to provide a process for the 
pioduction of a sterol fetty acid cstor-rioh composition in which by-products and 
catalysts arc separated easily from the sterol ester-rich composition. 

It IS fttil I further an objeci of the present invention to provide an efficient and rapid 
process ffar the production of a sterol fally auid castcr-ricL uuiuposilioii. 

It is also an object of the present invention to provide an improved method, for &e 
preparation of a fatty acid alkyl eater component in a mixture compriaing at least 
glyceride component and a sterol fetty acid ester component, whUe preventing 
miiriniisine the hydrolysis of the sterol tatty acid ester component 



a 
or 



II is Ihcu ahso tui ubjeol of llie pieseut iuvBution to provide a process for the 
production Ufa sieiol fetty acid estei-iich composition, vvdiich process makes 
possible the preparation of a fatty add alkyi ester component, participating in the 
sterol osfBrification, wifliin the process itself. 

It is arlfliHnml ly an object of the present invention to provide aproce.qs fhr the 
production of a sterol fatty acid esier-rich composition, in which reagents and 
catalysts are used, which are accepted in food grade processes. 



13 no 



20 It is atOl an object of the proaeot invention to provide a proceaa wherein thcro ia 
need to fonn an oil-water phase system, which would lead to increacod lossses of 
teaotanta and/or sterol fetiy add esters) because of emulsion fonnation. 

In order to fulfil the above objects, a method and a process according to the present 
invention are characlerised by what is disdosed in the characterising parts of the 
25 appended independent daims. 



ma 



A typical method for the hydrolysation of mono-, di^ and/or triglycerides : 
mixiiim contafnlng besides the g!yceride.s at least a .sterol (any add ester cnmpnncnr. 
without significant hydrolysation of the sterol fany acid esier(s) shnultaneously 
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present in said mixture, is accotrding to the preseat invenKnn nhsnracterised by adding 
tosmdmixtuxe 

- a hydrolysatioa catalyst and 

- an alkylating component, 

5 said components pmviding for faydiolysation of mono-, di- aud/or Uiglycerldes and 
aUryl;)tinn of liberated fany acid conipazuints. TLssw leactions tako place in the 
wivnire wftliout significant hydrolysaUun of sici-ol fetty acid cstecs present. 

The hydrolysation catalyst is typically chosen firom the group of bases comprismg 
alkali bydroxid«g, such as: KOH and/ot NaOH, and allcaU oxides. 

10 Thfi alkylating component Is typicaUy chosen livxii ihe gioup of lower alcolxoJs 
comprising Ci-4 alkanols, pnsfctably uiBliuniOl aud/or ctiianol. 

The starting mixture for the hydrolysation typically contains at most 50 %, typically 
1-30 %, by weight glycerides and at least 50 typically 70-99 %. by weight sterol 
&xty acid OBter eonoponentCs). 

lb The reaction mixture typicaUy contains 0,01-10 %, more typically 0,05-2 %, by 
weight of the hydrolysiaUon catalyst 

The reaction nuxture typically contains 0.01-75 mora iypinally O.I-^iO %, most 
^ically 0,5-30 %, by weight of flie alkylating componesnt 

Typically Om liydrolysaiaou catalyst and Ac alkylating component are added to the 
20 mixLurc tu» u px-e-ptepaisai hydroiysing and alkylating composition. Preferably the 
hydrolysation catalyst is KOH and the alkylating component is methanoL More 
piefciably these components ore added as apre prepared metanolic K.OH 
composition. 

Thft hydroiysing and alkylating composition or its components typicaUy comprise at 
7.S least 50 % by weight methanol and at mosl 50 % by weight KOH, preferably 65- 
99,5 %, tnore preferably 80-99 %, most preferably 85-95 % by weight of methanol 
mi pirfcrably 0,5-35 %, more ptcfbrably 1-20 moot preferably 5 15 % by weight 
ofKOlL 
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The tempemliuB of the mixtutc is profisraWy maintained at a temperature betweftn 
60-100 'C, more typiwOly at a tomperoturs between 60-80 "C, for 1 minute tn f> 
hours, typically 0,5-2 hours. ITjc pressure is maintained at vacuum pressaire of at 
most 100 kPa, typically at most 7 kPa 

A typical process utilisxTig the present invention for the produclion of a sleiol fatty 
acid ester-nch compofrttfon Includes following two main i-caction steps: 

- a first step, including csterifiootion of sterol components in a reaction mixture 
including glyccridc and feOy acid alkyl cater components ibr the formation of sterol 
fehy acid ester(o), Lo. for the formation of one or more sterol fetty acid Rsten;, and 

- a stihseqnent second step, including hydrolysailon of glycerides sdU present in ihc 
teacUon mixtme and an esteriflcalion of fatty aoid components dins formed for the 
foimatlon of fany acid alkyl csterCs). Lc. fu. dxeestei- formation of one or more fatty 
acid with one ui more alkyl, and 

- recycling of at least apoxtion of the fatly add aUcyl e^tea:{s) fbrmeri mio the 
1 5 reaction mixture in the first stsp 

In The present description of the invention, as wcU as. ux ^ding claims the term 
"st«ivl» means, unless otherwise stated, sterol and its bydiogcnatcd congener stanol 
OL a mixture of these. The term sterol includes in iia broadest form, besides vaiiom 
plant sterols find plant stonols, also cholesterol, which is an annual sterol and vvhich 
nmy be used eg. in cosmetic 45,plicationfi. Preferably the sterol coinpoeition used in 
the process is rich in sterol taw material selected from the group consisting of 4- 
deomelhyl sterols, 4-desi»ethyl stands. 4.mQnomethyI sterols, 4.monomcthyl 
stands. 4.4-dimethy] sterols and 4,4-Himfithyl .stannis and mixtures of these. Most 
typically 4-deamethyl steroLs anri/or 4-de.smethyI stands are used. 

lu the p««mtd«i«ripaon of the invention, as ^vcU aa. in appending olaima the term 
Sterol fatly acid cstcr-rioh composition, produced by ike present new process, 
moana, unless otherwise stated, a compositiou including at least 90 %, more ' 
typically at least 94 %, most typically at least 97 % by weight stcxd fatty acid 
ester(s). 
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hx the proaont description the term "esterification" oV <?teml components includes 
interesterification of sterol componenls with fiatt>' acid components of giycerides 
present in the reaction mixtuic and/or liwisesterification of sterol componeras with 
fehy acid derivativRs present in tlie reaction urixnife. 

3 DETAILED DESCRIPTION OF TlIE INVENTION 

In a typical process, utilising the present inv«nHnn, the first step, i.e. the first 
esterification step, wiU xake plar* in a reaction mixture Including the following 
components fed into a rwntinn vessel: 

- a sterol coiiiposition, comprising one or more aterols; 

10 - a glycer idc composition, compriaing one or more glycerol fatty acid esters of one 
to tlircc same or different fatty acids and 

- a fatty acid alkyl ester composition, comprising one or more fetty acid lower alJcyi 
cateta, 

A typical mixture would include, in mol ratio, about l mol of stcroKs), abuul 0,3-0,7 
15 mol of glycerlde(s) and about 0,9-2,1 mol of (recycled) fetty acid alkyl c3tcr(s).' 

A3 WiU be shovm later, it may not always be necessary to include in the mixture, at 
tlie very initial starting phase of the process, a feUy floiri allcyl ester composition. A 
stoichiometric excess of glyceridemay compensate for the ahsonoe of the fatty acid 
alkyl ester at the initial pbasa. In rhc continued nm of the process feny acid aDsyl 
ester will be tbmied in Jha process itself and recycled lo the beginnitig of the process 
to lorm the above mixture. 

Typically tlie mijrturc is dried and the sterol components dissolved by increasing the 
tcmpcraturo of the mixture. The pressure in the vessel may be decreased to enable 
separation of the water aeporaled firom the mixture. Alternatively or in addition, the 
oompositione of ti» mixture may be dried and dissolved Sftpflwtely b«thre 
combining them into a mixture. 

A catalyst, such as NaOCIIs is fed into the reaction vessel in order to bring about the 
first esterification reactions in the pioocss. i.e. to bring about the esterification 



20 



25 



VAST.0TTO ,0.0..„03 UM, 3« 2 m ^2 .CENEUSPA^K A.l,k.„,v„ 



SIVU 008 



lOycU '03 12 :50 PAX 35 S 2 d43 2442 RAISIO CHEMICALS 



9 

reactions between Gtetol components present in the smrol composition and fanj' acid 
componentB present in the glyceride md fatty acid allcyl esrer composliions fed inlu 
the reaction vessel. Thus, in tl3ft fi.<!tfirificatjon reactions of the first step, sterol fatly 
acid ester(s)- parH^il glycerides and glycerol are foixned. 

5 After the esteriJiualion lt^action5, in the first stop, have reached a desired conversion 
level, ssuuh as at least 90 typically at least 9^1 more typically at least 98 
cunvcrsLon, the thus reacted xnixtuxc typically contains, besides the sterol fatty acid 
ester(s) and glycerol fonned, possible unreacted sterol componpinrs ?ind partly and/or 
totally unreacted glycerides, i.e. mono-, di- and/or triglyneriries, as well aj?, fatty acid 
10 alkyl ester(s) and catalyst. 

Thereafter ixi a lyplcal process ulilisiuji Uie present invention, the second step, i,c, 
the hydrolysa(iun of Klyv^ciides and the ostcrification of fatty acid components thus 
formed, will take place in the reacted mixture, In the same or another r©oction 
vessel. 

IS A hydrolysation catalyst, prftlftrahly an alkali catalyst, such as KOH or NaOH, is fed 
into the reantftri mixtui-e in order to bring about liydrolj'saiion of glycerides thbrein. 

In Ilic scuuud step, the hydrolysation catalyst itself, tho amount of catalyst used and 
Ihc rcucUoii conditions, such as time and temperature, ore chosen so as not to, at 
least not sLgniflcaotly, hydrolyse the sterol fetty acid estejc<s) present in the reacted 
20 mixture, while still hydrolysing the glycerides in a suitable mamier. The coDdifinn,<? 
ore chosen so as to achieve an as complete as possible hydrolysation ofmnno., rii- 
and triglycerides, while simultaneously Avnidiug format! nn of free 5?terols. 

An alJcylatine component is fed into Ihc i-cauUou vessel in ordci- to provide the alkyl 
componenl needed fur Uie estcrification, i.e. the alkyladon, of fatty acid componcma 
25 formed by \hc hydiolysatiou of glycerides. The alkylating component is preferably 
fed into tiic vessel simultoiieously vvith the hydrolysation catalyst, the catalyst 
Hicroby typieojly being dissolved iu the alkylating component Typically ttie 
alkj'lating component is a lower aUcyl alcohol, such as xuftthannl or ethanol leading 
to methylation or ethylation of the fstty acid noTnpnnftnte. 
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Thus in the second step of the present prnr^ss glycerides. presenx in The reacttid 
mixture fonncd in flie first stftp, are hydrolysed xo fonn faity acid compunwits aiid 
glycerol. And the fatty acid cnmpnnents thus foxjned are esxerified, in n second 
esterification re^jctinn of lie present new process, lu furm LOuesponding fatty acid 
5 alkyl estRr(s). 

Glycerol formed intihs first esterification reactions and in the hyrtroly^ation 
reactions is typicoUy gadiered as a separate glycerol phase at thft bottom nf the 
reaction vesselCs) and may then he easily removed thRrefrom. CatalyiitCs) used in the 
esterification and hydrolysation processes, e.g. NaOUHii in the first step and KOH or 
10 NaOH in the second step^ typic^iily g^^thers in the glycerol phase and may be 

e£Eciently removed from the process together with the glycerol, e.g. by draining. 

Aflcr die second esterification, Lc. the alkylation, reaction laas reached a desired 
conversion level and the glycerol and the catalysts have been removed, the 
remaining mixture contains, besides the sterol feity acid ester(s). mainly fatty acid 

1 3 alkyl cdtcr(9), aa well as, possible, typically minor, amounts of unreacted reagents, 
intermediate products and impurities. The fatt>' acid alkyl ester and unreached 
reagents, such as free sterols, may separately be separated, e.g. by distillation., from 
the produced sterol fatty acid ester cnntainmg mixture. The fetty acid alkyl ester is 
typically at least partly renycleri to the he^nning or the process. To be included in the 

20 rearJinn mixture. 

The present invention utilises the finding that inoomplctoly reacted mono and di 
glyccrides, as well aa, imrcacted triglyceri.d©s, still present in the process after the 
first reaction step, Lo. after having reached the chosen conversion level of the first 
esterification reactions between sterol and glyceride components, may be hydrolysftH 

25 in a second reaction step witbout signi*icmitiy hydrolysing the sterol fatty acid 

ester(s) formed- Typically at most ?.U %, tnore typically at most 1 0 %, most typically 
at most 5 % of the sterol fatty acid esierCs) are hydroJysed. Of The glycerides 
typically at least 90 %, more typically at least 95 %. most lypically at least 98 % is 
hydrolysed. Hydrolysation ofj^lyceridca provides* waciive fatty acids, which arc 

3U simultaneously eslerificd witL lower alcohols so as to form fatty acid alkyl esters 
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that xnsy be recycled to the first reaction step f o provide an excess of reactive fariy 
acid derivatives into the esterification of steroids). The excess of ferty acid c2j'Icji-(s) 
enables optimal conversion levels in tlie estcrlflcation of sterols even if only about a 
stoichiometric input of **virgin" or **new" feity acid cumpoxients, in glyceride form, 
5 is provided in a continuous process or repealed baLuh process. 

The optimal conversion of sterols) minhniBes the free sterol content in the: final 
btciol fatty acid ester product The hydrolysa.tion of glycerides, on the?, her hand, 
minimises the amount of mono-, di- and triglyceriria^ in the final sterol fatty acid 
ester product. Thus a pure sterol fetty acid ester-nch product is achieved. The 
1 0 composition of the feed into the reactor vessel m the fnst step allows for hij^ili blcjol 
conversion in relatively short reaction limes. 

Therefore in a continuous process or repeated batch process for the production of a 
sterol felly acid cstei-rich composition, according to the present invention, an input 
of wdy about stoidnomcmc amounts of sterol and glyceride is typically needed. 
15 Shnultaneously fatty acid olkyl ester is preferably continuously recycled, as 
described above, within the process* 

Dnnng normal steady state conditions normally uu coutmuous mput of external fet^ 
acid alkyl ester is recommemlcd. Huwevei', at the yery initial stage of tbc proocss, 
i.e. before any fatty acid alltyl cslcr uuuiponcnt has been formed in the process, a 
20 small input of ticpaiulcly prepared external fatty acid ollcyl ester may be needed. 
Alternatively an excess of glyceride may be fed into the system during the initial 
sjtage of the process so as to provide on excess amount of faily acid derivatives 
needed in the first cstcrification reactions and the glyceridcs needed in the 
hydrolysation/eaterifi cation reactions. 

25 The proc4?s$ ac^.ording to the invention may be perfoimed as a batch process ax one 
Aingle vessel or m two or more consecutive vcj^jcIs. Alteaiativcly, tiic process may 
be p^ormed as a continuous piocess. 
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Purification, such aa bleaching and/or filtraJtion, of the sterol fatty acid ester and 
fiatty acid alkyl ester produced may be pftrfomned in any suitable manner known per 
3o witiijn the reaction vessel itself or in any separate equipment 

Preferably the puxi.fiuiiLiuu of tlie sterol fatty acid ester containing mixture includes 
5 bleaching, filtration and/or deodorisation- 

Tho present new process may be applied in the estRrincatinn nf a wide variety of 
sterols. Botii plant stesrols and animfil .sterols may be esterified to provide desired 
sterol fetcy acid ester-iich composiTionf? for use in food, pharmaceutical and 
cosmetic applic^bons. 

lu The sterol cumputiiliuji used in a process according to the present invention may 
lliei^jby be obtained firom one or more natural oils or fete, such as vegetable, fungal 
or animal oils or fats, or their mixtures. T>pically sterol components obtained firom 
Iho preporation processed of one or more of the foUowiTig plant or vegetable oils or 
fiits ore used: tall oil, rapeseed oil, soy bean oil, wheat germ oil, rice bran oil, com 

IS fiber oil, sunflower oil, safflower oil, com oil and olive oil. 

The sterol composiUon used In the process typically iucludcy uuc ux inure steiol 
components chosen Irom Ihc Miuup consisting of sitosterol, sitostanol, campesterol. 
carapeslanol, slitgcuaaiicnol, brassicastcrol, dibydxobrassicastcrol, taraxastcrol, 
cliojiastcrol, cholesterol, suitable derivatives and reduction products of the 
20 foregoing, and mixtures of these. 

The present mvftntion makes possible the use of a varieiy .of fati>- acid components, 
including pfoiicnlar i^ny acid components thai would not ordinarily be available as 
.such on the market or. if availably would render a rather high price. These 
particular fany acid components may, however, bo present in glycerides available on 
25 the maricet and thus available fur llic pccbcul piocess. 

Glyceride compositions applicable in processes according to the present invention 
comprise a glycerol fatty acid ester of ojv. to three same nr different faiiy acids. 
TypicaUy the glynRride composition comprises a main triglyceride component and 
possible minor amounts of mono- and/or diglycerides. 
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The }4lj'i:etidc composition, may comprise saturated and/or imsatim^lf'.d (■M-f;:28 fany 
acid esters of glyoeroJ, pixsferably C16-C22 fatty- acid asters of glycerol, most 
preferably CI6-CI8 fetty acid esters of glycerol. The aciris may be saturated or 
mono-, di or polytmsatuxated. 

s The glyceride component may be selected frooj different typos of glycerideo, such as 
glycetides derived Horn plant, animal, syixthctio or fungjil oile or fets, such as 
vegetable oils md fish oils. The oils or &ts may be partially or folly hydiogenated or 
may include a fatty add with an olhcsrwia© modified composition. 

Typically, however, a glyceririe cnmpasitinn comprising oae or more fatty acid 
10 glyceride components .s«l«cTcd from a group of glycerides derivable from veyelablc 
oiLs or to is used. Thus glycerides of soybean, rapeseed. simllowcx, wui, wheal, 
rice, safHower, oUve, cottonseed, linseed. ilaAseed, sesame, peanut, ahnond. pahn 
and coconut oil or fet. and mixtures of ihcsc, may be used. 

Various known suitable erferifioaxian catalysts may be used in the esterification of 
1 5 the fiterol component The esterification catalyst may preferably be chosen Jrom th« 
group comprising metal alkoxiri^. .such a? NaOf:™ or NaOC2HS, aJkah 
hydroxides, metal oxides, ro«tal snap.,, metal alloys, metal hydrides, meal amides 
and/or their mixiuT«5. The amotffli of catalyst needed in the esterification reactions 
depends on the. cat;Uyst composition, as well as. onprocess conditions. Sodium 
'.0 methoxide. i.e. NaOCH3. has proven a very suitable caalyst. Typically an amount of 
about 0.3-1 % by weight, moretypicaUy 0.5-0,8 % by weight NaOCHs caudyj^i 
calculated on the amount of alcrul is needed foi a good cstci-ification result Tb^ 
caialyst may be mlruduccd iuio the reaction vessel together wMi the sterol 
composition and/or the glyceride composition, or it may be introduced into the 
25 vessel separately. Sodium merhoxide can eaaUy bo removed fiom the process 
together with glyccroL 

Various fmown hydrolysation catalysts may be used to acrivatB the hydrolysation of 
glycerides m tbe second step of the present process. By ehuicc of cauilysi a..d 
process condiaons, caxt, should, however, be taken not to activate a hydrolysation of 
30 Sterol lally aoia wteis also present m the reacted mixture. DifTcrcm bases, such 03 
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alkoK hydrojcides or alkali oxides may be used. Advantageously KOH and/or 
NaOH, preferably KOH is iifsetl tn activate The hydrolysadon. 

About 0,01-10 % hy weight of hydrolysation catalyst colcuJoted on Hie amount of 
reautiou xuixtiuc is typically needed to activate the hydrolysation proparly. 
Prefurably 0,05-2 % hydrolysation catalyst io wed. 

An alkylalinfi component is added to the Tcacted mixnire lo esteri€y the fany acid(s) 
focmed by thfi hydrolysation. The alkylaiing component is preferably a low alcohol 
(e-g. Ci^ aOcanol), more preferably methajiol or elhanol. most iypi<;aUy methanol. 
The hydrolysation catalyst is -orpically disssolvtsd in (he alkylaiiug component before 
adding the catalyst and the alkylaiiuy cunipoiieat as a combined hydroJysating and 
alkylating composition into the reacted mixtuie from the first step. 

About 0,01-75 % by weight of alkylatmg coroponftnl calculated on the reaction 
mixture is typically added to feciljtate the alkylation. Preferably the aririeri amotmt i^; 
0,1-30 %, more pieterably 0,5-30 %. 

J5 A combined hYdnjlysaOnu aud alkylating composition, comprising KOII and 

methanol typically includes at least 30 % by weiglit methanol and at most 50 % hy 
weiRhl KOH, pieferably 65-99.5 %, mow preferably 80-99 %, most preferably 85- 
95 % hy weight of methanol and preferably 0,5-35 %. more profombly 1-20 %, most 
preferably 5-15 % by weight of KOH. These components may also be added 

20 separately in correfiponding amounts. 

Preferably the hydrolysation catalyst and the alkj-lathig componem are added to the 
sterol fatty acid ester containing mixture when the esierification reactions of the first 
reaction step are complete or mainly complete. 

rroccss conditions, such as temperature, vacuum, pressure and/or time, may be used 
2S to control the reactions takina place hxihe first and second process steps. 

Before the acmal esierification reactions lake place between the slcavl i:ompone«l(s) 
and Riyccridc con. poneut(s) the reagents arc preferably dried at high temperature 
aud under vauumu. The tcmpeiamre of the components is typically elevated to 
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above 100°C, t^-picaUy to between U D-l HD^C. Preferably a vacuum of less than 7 
kPa is used to removft watesr. 

The acwal eslBiilicaliuu bcstweea sterol and glyceridc/fatly acid slkyl ester 
compuiieats Is typically p^onncd at high temperature and under vacuum. The 
D tesmperaturc is JiLcspt between 100-200 ''C, typically botwcon 100-160 more 
typiually between 1 15-145 ''C. Vacuxan level is kept between 2-100 kPa, typically 
below 7 kPa. Estexificatian normally takes about 0,1-10 hours, typieoUy 1-3 hours, 
most typically about 2 how3, depending on reagents and catalyst used, as well as, on 
tcmpcxaiure, vacuum levels and desired level of reaction conversion. 

10 The hydrolj'sation of glynRTirlp-s is performed at a temperaxure. which typically is 
lower than the above mentioned estedfication temperatures, typically between 60- 
1 l)U ^C, more typically between 60-80*'C. The hydrolysaxion is maintained for 1 
minute to 6 hours, t^T^cally 0,5-2 hours. Hydrolysation at 80 ""C may thus be 
continued for 0, 1-2 hours, typically 30 minutes. 

15 A Aei hydrolysation and alkylation the fattj- acid alkyl ester formed may bo aepomted 
from the sterol fatly acid ester-contaming mixture in a so-called deodoriaation stage, 
by distJJlation. The fatty acid alkyl ester is thereby typically separated from the sterol 
ester by high vacuum stripping at temperatures between 160-240 °C. The process 
may take from a few minutes to a few hours, dependmg on process conditions. 

20 The present invention will he more readily underfstood ftnm the following 

dftscription of an ©cemplary process utilising the present invention, as sbown in 
Figure 1 schematically showtog the process steps. The cohscculivc process steps 
may be performed in distincQy separate rcautiuu vcsbcls ur in a single elougaled 
vessel bcUig divided in consecutive separate reaction zones, still allowing a reaction 

25 ini^tm e to flow through the vessel. The figure depicts a batch process. 

An external feed of a giyceride composiuon, such as a refined bleached and 
dex^dorised trigly^ftridft, and a j?tcrol composition, such as a sterol rich in 4-des- 
methyl sterols, as well as. a recycled feed of ikrty acid allcyl ester FaMe is fed into 
the first stage. Step 1, to form a mixture therein. A first catalyst Catalysrt 1, such as 
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KaOCHs, io fed into tbe mixture and the mixtute tRmjieratnre is raised lo the 
rwiotioa temperature level to stan estftnfication of the sterol composition, 

Esterificaiion reactions rcsull ui Gie fomation. of sterol fatty acid C3tor(s), Le. the 
Sxerol-fcisLcr pioduct, and glycerol, as well as, some only partly reacted mono- and 
3 diglYcmilRs aud nicrthanol. Thus a reacted mixture moving from Step 1 to tbe 
second stage. Step 2, will normolly contain besides significant amounts of sterol 
Eaxby acid esters and glycerol formed and possible mjnor amounts of unreacted &ee 
sterols and triglycocidee, eome partly reacted mono- and diglyceiides. '\ Tip. methanol 
is removed by vacuum. The removed methanol may also be reused by recycling it 
10 into the second stage of the process. 

In tlie secsoud stage. Step 2, a Bccoud caiidyst, Catalyst 2, including a hydrolysation 
oaialysl, such as KOH, and an alkylating component, auch as nioihanol, is added to 
Ihe icaulwl mixture and the temperature of the reacted mutturo ia set to the aecond 
reaction tempearature level to start hj'drolyoation and alkylation. In Step 2 mono-, di- 
13 and iriglycoridcs in the toactcd mixture are hydrolyeed to fonn forty acids and more 
glycerol. Glycerol, which contains catalyst residue, as weU as, other tmpxmties, may 
bo continuously drained from Step 2 to enhance reactions, ilje ftee fetty acids 
formed react with the alkylating component, which nvnttta in the formation of fetty 
acid alkyl esters. 

20 From Step 2 Oic x-caclcd mijrtur^ now mainly containing sterol fatty acid C8tcr(a) 
ciDd fdlly acid alkyl estei(s), is convcj-ed to purification trcatracnt(3) considered 
uecessaiy in each particular case. The purification may include, as shown in the 
figure, a bleachmg stcplQ, a filtmtion step H and a deodorisation step 1 6, Icnovwi 
per so. All these steps may not always be necessary. In some appUcatiooS other 

25 cleaning steps known per se may be used. The cJeaning steps may neeri the addition 
of eome cleanins aid, such as adsorbent 12 added into tbs mlvlnro m the hleaching 
step 10. 

The dcodoiisation step 16 may include distillation or stripping of fatty acid alkyl 
ester at 1(50-240 "C fiom Ac sterol fatty acid ester to fonn a eterol fatty acid ester- 
30 rich coroposifion. which contains a high amount of sterol ector(B), typically at least 
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90 %, jiioie typica lly at least 94 %, most lypically at least 97 % by wcisOit sU«ol 
tatty arid esterCs) and a low amouat of free sicrolfs), topically at most 10 %, more 
fypicaJly at most 6 %, most tyjJically al most 3 % by weight ficc sterols. The 
composition contains a low amoaxii of total gjyceridcs, typically loss than 2 % 
triglycexides. more typicaUy less Uiaa 1 % by weight triglycoridos. 

The present invention will be more readily nnrterstnod from the foUowLng exampleis. 
Tha examples are intended to illustrate the. pmsfint invention, not to Ihnllthe 
invention. In this spRnitiraiion unless Otherwise stated the percentages are giveu as 
% by weight. 



EXAMPLE 1 

Stanol fany acid esUsre where pj eparcd m laboratory scale by canying out 
esierifiu'dlion reactions m anrocture comprising rapcaeed oil/plant stanol and 
rapesBcd oil-based mc&yl ester. 

iS Plant stanol, having a composition or68.2 % sitosianol, 28.3 % campestanol, 1.1 % 
sitosterol and trace, amnnnts of unsaturated sterols, was prepared by hydrogenaUuu 
ofr.nmTnercia]ly available plam sterol. One mol ofUiB Ihuss prepaied plant stanol 
was mived with 0,33 mol of rapeseed oil and 1 mol of mpcsccd oil-based methyl 
asster. The mixture was dried at 110-I20-C and al vaumxiu below 7 kPa. 

20 The Icmpciulaie of the tJ\us dried mixture was reduced to 90 95 °C. Sodium 

mtsthoxide catalyst m an amount of 0,8 "/o by weight of total slerol/stanol, was added 
to the mi;ctore. The tcmpcmture of the ihus formed reaction mixhire was increased 
to 120 °C and the csterificotion was carried out under vacuum for a relatively short 
peiiod, i.e, for 2 hours. Tho conversion, of etanol and glyceride to stanol fatly acid 

23 ester and glycerol m the presence of excess fatty acid m.p.fliyl esner, was monitored 
by gas ohromatograpHc (GC) analysis. Once Hnal (> yij %) conversion was 
aohie\-ed, flie temperature was rediicRri tn Xl l "C (product of Step 1). 
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Thereafter 5 % by weight of a catalyst,' including 1 1 g KOH in S9 g methanol, v^-ay 
added to tfic esterified reaction raisctura tn hydrolyse glycetides, i-e. Iri-, Ui- and 
monoglycerides, still present in the wixtiire and form feny acW methyl esters and 
more glycerol. 

5 Glycerol and catalyst residues settled on die bottom of the reactor were decaTiferi out 
of The rcauioi. After hydrolysation of glycerides and catalysf mmnval, tlie mixmre 
was dried at 93 ''C mder vacuunL The thus dried material was hle^fthftri mmg I % 
by weight aJ^oibing aid (Insyl®, Grace, Germany) for 20 mimites at 9.*) ^'C and 
vacuum below 7 kPa, for removing catalyst residues, metal and color nompounds. 

10 AIlci lemoval, by filtmtion, of the adsorbing aid, standard laboraiory scale 

cvapoi^tion^^ in a thin film evaporator, was carried nut to remove tlie excess of fally 
acid methyl esters and provide a stanoJ Tatty acid esxer-rich product. The; fatly acid 
methyl ester distiUate was to be rRrycled and reused as raw jjjaterial in the proccsa. 
The concentrations of obtained staaol fauy acid esLcr, fiee sterol, glycerides and 

t5 fatly acid methyl ester were analysed ia Ui.e mtcrmcdiatc product after Step 1 and in 
ihe stfmni fatty acid ester-rich pruducu 

The itjsalts were; 

^sfysis product of Step 1 purified product 

% by wci)djil % by v^'^eigb.t 
20 Kree Slerol&^stanols 1.7 4.8 

Stanol felly acid ealcrw 663 94.6 
Monoglyceridcssi 

Diglyceridc{> 10.2 

Triglycerides 14.3 < 0.5 

2S Free ihtty aoid methyl ester 7^ 



The results show appruxixiiately 25 % tinicaotcd glycerides in the intennediate 
producl but only traces in the final product. 
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EXAMPLE2 

Two test nms tor the preparation, to laburdloiy scale, of a stand fotty acid esterwiich 
prorluct where performed, Hicieby in a reaction voaael a reaction mixtute, 
containing 0.33 mul lapcsccd oil (RO), 1 mol stanol (STA) and I mol rap«?eedoiI- 
5 based methyl cslei (ROMe), was mixed witii 0,6-0,8 % by wei^ NaOC 'M^ catalyst 
calculated on the amount of stanoJ. The reaction mixtiira was esteriflcd. 

Thereafter the mivtiire was hydrolysed and alkylated hy adding into the reaction 
vessel 3 % by weight of a hydrolysinB and alkylaiiog compositiQn, comprising 89 % 
wef hanol and 11 % KOR The hydiulysation. -which took place at atmocpheric 

0 prBSjnire and SO^C. took appiUA. 30 uiiniutcs. Glycerol phase foixned (settled at the 
bottom of the reaction vessd aud was removed. Fatty acid methyl ester (FaMe) was 
distilled iiom ihe luixturc Tatty acid methyl eater thus separated from the mixture in 
the fiml lest iim was recycled and used as the fttty imd methyl ester feed (FaMe) 
instead of tapcsccd oil (ROMe) in the second test run. Otherwise the second was 

5 pcxftamcd intbo same way as the first run. The stanoi fatty acid ester (SJAHS IJ 
yi^ was measured. 



^^suJxs rirstnm Sccoadrun 

Feed STA g 199 199 

20 FccdRO g 

Feed ROMe g i^jg 

Feed FaMe g j^g 

Catalyst NaOCHs g -Li 1.5 

MetbanoI + KOH g ^h' 

25 Glycerol dereinteri g 42 

FaMe distil late g 153 

STAEST g 297 



25 
39 
122 
279 



The slauuJ faUy acid e$ter-iich product produced was analysed. The results: 
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Analysis 

Free stools/stanols 
SUiuul fatt)' acid cstors 
5 Monoglyccridca 
DigLyccrides 
Triglycerides 

Thes H,xamples Ulusxraie nun-continuous processes. The process may, however, 
1 0 easily be iitilised hi a continuous process. Only a feed of a batch of fetty ad rl naethyl 
ester or excess ^lyccride seems to be neoessaiy sX the bcgmnhig of the procesR. Tt is 
also bcliCTcd that m the process the qualify of flie recycled Miy mtd methyl ester 
remains good, due to the renewing effect of the process. 

The present inVRntinn provides a simple and cosl-cffcclive food grade process for 
13 {he esteritication of Sterol composixloxis willi j4lyucilde compositions to provide a 
<;terol fatty acid estcr-ric.b compusjiiion, in which the content office sterols, as well 
as, mono-, di- and triglyceridcii is minimised. Thus the present invention makes 
possible a hjurpribjiigly efficient use of fatty acid components present in glycerides, a 
minimised, in practice, about stoichiometric, glyceride feed is sufficient. The pxftSftnt 
20 invenliuxA also makes possible the use of a variety of fatly acid components, e.g 
fatty acid components which would not ordmarily be avaiifiblft as such on the 
market or, if available, would render a rather high pricR, but which are prescni In 
glycerides available on the market. JLn a process Utilising the present invention, (here 
is no need to purchase or separately prepare the fatly acid or faicy add aUcyl csi«r 
25 components needed, as ti?^tty acid allcyl ester components needed in llic process may 
be derived from conesponding glyceride compositions introduced. 

In a process uiilising the present invention catalysts used in the esterificalion 
reacjtions sather m the glycerol phase and are thereby easily removed &om the 
process. In prior known processes, on the other hand, catfllyj^s have been inactivated 
30 by washing the reaction mbdure with water. Such water treatment tends to cause 
emulsification of process liquids leadme to various process problems. These 
problems are avoided in the. new process. 



First run Second run. 

% by weight % by weight 
4.8 5.4 
94-6 94.0 



<0.5 
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Claima 

1 , A method for hydrolys;itinn of moao-. di- and/or tri^Jyuciides in amixture 
containing besides said giycerides at leasfC a sierol Iklly auid estca: component, 
chanirtc^!:;ed by 

5 adr(in£r to said mixture 

- a hydrolysadon caUiiy^i and 

- an allcylaUni^ cujiiponcuit, and 

pioviding for hydrolysation and alkylation reactions to take place in the misctiirft, 
without oignificant hydro Jyssation of sterol fatty acid ftstftr(s) present in the 
10 mixture. 

2. The method according to cl^tn 1 , chamcterised by die hydrolysation catalysr 
being chosen from the group of bases comprising alkaH hydroxides, such as 
K.OH anri/or MaOTi and alkali oxides. 



1.5 



20 4. 



25 



The method according to claim 1 or 2, chdj-acieiised by the alkylating 
compuncat bei ng chosen from tJic group of lower alcohols comprising Cl^ 
alkanols, preferably methanol aaid/or ethonol, 

Tlic method according to any one of claims 1 to 3, characterised by the mixtm-e, 
before adding the hydrolysation catalyst and the alkylating component, 
containing at most 50 typxcMy 1-30 ?/o. by vreight glycftriria. nnd at least .'^O 
typicaUy 70-99 %, by weight sterol fetty add Pijf ar campnTient(5i). 



5. A process tor the production of a sterol fatly acid ester^ricSi composition 
coTnpri<5!ng the steps of: 
(a) combining 

- a sterol composilion, cumptising one or more sterols, 

- a fatty acid glyceride composition, comprising fatty acid esters of one or more 
30 fatty adds, and 

- an osterification catalyst to form a reaction mixture. 
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(b) perfbnning esterification of sterolts) in said reaction mixmre to produce a 
Bterol fatty acid ester containing mixture. 

(c) adding a hydro lysation caralysl and an ajkylaliu)4 t^umponcnt to hydrolysc 
mono-, di- and/or Triglycerides present Uifctein and to produce corresponding 

5 ftfiy acid alkyl ester(s) and glycearul, and 

(d) purlfe'ing Ihu stcrul fatty acid dster containing mixture to form a sterol fatly 
acid esier-riuli uoiupositiQii- 

6. The proocsa according to claim 6, wlierein to tiie reaction mixnire or to ite 
10 components in step (a) is added at least one fatty acid alkyl ester. 

7. The process according to claim 5 or 6, wherein step (d) includes step (dl) 
comprising punfying said sterol fany add ester containing mixture by removing 
glycerol from said mLxture. 



15 



20 



25 



30 



8. The process according to claim 7, whetein in step (dl) die cstcriCcdUou catalyst 
and/or the hydrolysalion uaialy &t is iomovcd from the sterol fatty acid ester 
cunlaiuLiiig mixture together vdth glycerol, 

9- The process according to cxoy one of oJauns 5 to 8, wherein step (d) includes step 
(62) comprising puri^ing said sterol fatty acid ester containing mixture by 
separating fatty acid aUgrl ester from said mixture. 

10. The process according to oJaixTi 9, comprising a fiirther step of feeding feny acid 
alkyl ester separated vn .^tep (d'i) into tlie sterol composition. The fatty acid 
glynmde composition, ihe esterification catalyst and/or into the reaction raixUut: 
formed in step (a). 

1 1 . The: use uf u ^tx:i ol fatty acid cstcr-rich composition produced by the process of 
ai^ of claima 5 to 10 as a dietary, phannaccutical and/or cosmetic product or in 
the preparation thereof 
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12. A sterol fatty acid ester-ricJb. nnmpoaition produced by The process of any of 
claims S to lU. 

1 3 . A faity acid aUcyl esier produu t pruduced hy tlic method of any of claims 1 to 4. 
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Summary 

The invention relates to a process for the production of a sterol ester- 
rich composition. A sterol compoSilion, a glyccridc composition, a 
fetty acid alkyl ester and an esterification catalyst are combined to 
form o reaction mixtme. Esteiij5oatjon of eterol(0) takes place in the 
mixture, providing sterol ester(s)L The new process is rapid and has a 
111 gh level of conversion. 
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